We present a rare case of a patient who underwent complete microendoscopic excision of an osteoid osteoma, which induced radiculopathy without nerve root compression. A 20-year-old man presented severe right groin pain that was temporarily relieved by nonsteroidal anti-inflammatory drugs. A computed tomography (CT) scan showed typical features of a nidus located in the inferior cortex of the right L3 pedicle. We performed surgery using a posterior microendoscopic approach. We drilled vertically along the line of the cortex of the caudal pedicle using a high-speed drill. After identifying the tumor, en bloc resection of the nidus was achieved. Immediately after surgery, pain in the right groin disappeared. A CT scan showed that most of the right L3 pedicle remained. This minimally invasive technique preserves spinal structures, including the facet and pedicle, and is a viable option for the treatment of spinal osteoid osteomas located close to vital structures. 
Introduction
Osteoid osteoma is a small benign bone tumor that is commonly localized in long bones. However, in 10% of cases, it occurs in the spine. The majority of spinal osteoid osteomas are found in the posterior elements of the vertebrae [1] . The most common presenting symptom is pain that worsens at night and is relieved by aspirin. The curative approach for osteoid osteoma is operative removal or deactivation of the nidus with coagulation [2] . However, if the treatment is not complete, pain will persist and additional operative intervention will be necessary [3] . In recent years, minimally invasive techniques have been introduced in the management of spinal osteoid osteoma, such as percutaneous radiofrequency ablation (RFA) and anterior endoscopic excision of a tumor located in the C2 vertebral body [4] [5] [6] [7] [8] [9] . We report the complete excision of an osteoid osteoma that induced radiculopathy without nerve root compression using a posterior microendoscopic approach.
Technical Note
A 20-year-old man presented with a 3-week history of severe right groin pain that was temporarily relieved by nonsteroidal anti-inflammatory drugs. Although he underwent examination at the internal medicine and urology departments, the cause of his pain could not be determined. He consulted the orthopedics department because of additional low back pain. The physical examination revealed a severe limitation in his range of motion, which was exacerbated by pain, but he emphasized that the pain was more severe in the right groin than in the lower back. However, the results of his neurological examination were normal. No abnormalities could be found aside from a Cobb angle of 8 degrees, indicating scoliosis, on conventional radiography. A computed tomography (CT) scan demonstrated typical features of a nidus located in the inferior cortex of the right L3 pedicle (Fig. 1) . The nidus size was 5 mm. The tumor did not exceed the pedicle. Magnetic resonance imaging (MRI) showed inflammatory changes in the entire right pedicle and the right L3/4 intervertebral foramen (Fig. 2) . However, the tumor did not compress the nerve root or the spinal cord. Clinicoradiological data indicated osteoid osteoma.
We performed surgery using a posterior microendoscopic approach. Fluoroscopy was performed preoperatively to locate the exact point for introduction of the tubular retractors (Medtronic Sofamor Danek, Memphis, TN, USA). The 18-mm skin incision was made 20 mm lateral to the spinous process, and the muscle was sequentially dilated after fasciotomy. The accessory process was used as a landmark, and a 16-mm-diameter tubular retractor was placed on the right pedicle. The location of the L2/3 facet or the transverse process did not need to be exposed. The inferior edge of the pedicle was confirmed, and we drilled vertically along the line of the cortex of the caudal pedicle using a 3-mm high-speed drill. The nidus in the cortex of the pedicle was identified, and en bloc resection was achieved (Fig. 3A) . The right L3 nerve root A B was almost in contact with the osteoid osteoma, but no compression was observed.
Immediately after surgery, pain in the right groin disappeared disappeared. No surgery-related complications were observed. Histologic analysis of the specimens revealed rich fibrovascular stroma, prominent osteoblasts, and osteoid tissue, confirming the diagnosis of osteoid osteoma (Fig. 3B) . A postoperative CT scan showed that only the nidus was excised completely and that most of the pedicle remained intact (Fig. 4) . At the 2-year followup examination, the patient was asymptomatic with no recurrence.
Discussion
It is difficult to detect osteoid osteoma in the lumbar spine on radiography due to small tumor size and the overlap of intestinal gas on the lumbar spine. Davies et al. [10] reported that osteoid osteomas have a highly variable appearance on MRI, and reliance on MRI, including gadolinium-enhanced images, may lead to misdiagnosis. MRI showed reactive changes in the bone marrow and soft tissues, but could not detect the nidus in our case. Alternatively, the CT scan is generally regarded as the preferred cross-sectional technique for confirming osteoid osteoma. Our patient was diagnosed based on characteristic clinical features and the CT image.
Although osteoid osteoma often develops close to the spinal cord and nerve roots, due to the small size of the lesion, neurologic impairment rarely occurs [1, 11, 12] . Only one report detailed radiculopathy without nerve root compression from osteoid osteoma [12] . Neurological symptoms may be induced by tumorous inflammation even without nerve root compression. In the present case, the right L3 root was next to the tumor, and the patient's lower back and groin pain disappeared after surgical resection. It is possible that the patient's groin pain was referred pain; however, MRI indicated inflammatory changes in the right L3/4 intervertebral foramen. These findings suggest the possibility that L3 radiculopathy from tumorous inflammation caused his groin pain. L3 radiculopathy usually results in anterior thigh pain instead of the groin pain experienced by this patient. However, Hirabayashi et al. [13] reported that groin pain was observed in 18% of L3 radiculopathy cases. This report also supported groin pain as a result of the patient's L3 radiculopathy.
Osteoid osteoma of the spine requires entire removal of the nidus. Surgical open exposure can disrupt the muscle and bony elements that are important to stability, resulting in a limitation in the mobility of the spinal column secondary to fusion using instrumentation. En bloc resection of the spinal lesion could lead to instability in young patients, especially in the pedicle as in this case. Conversely, RFA is the most commonly used minimally invasive method for osteoid osteoma [2, 4, 5, 9] . Recent studies reported that RFA is a possible treatment for osteoid osteomas located close to (<10 mm) vital structures, such as arteries, the spinal cord, and nerve roots, without complications [6] . However, surgical treatment is recommended for lesions that are located adjacent (<2 mm) to the nerve root [6] . We considered RFA to be inappropriate for the present case. Another problem is that histologic evidence 
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of the osteoid osteoma is impossible to recover when using RFA. Although our spinal microendoscopic surgery required knowledge of deep anatomical structures, meticulous preoperative planning, and a learning curve, this procedure had the following advantages: small skin incision, shorter hospitalization, shorter rehabilitation, preserved facet and pedicle, no need for fusion, and clear confirmation of the small tumor. Additionally, unique visualization through an oblique lens (25°) helped identify the orientation of the nerve root, pedicle, and tumor. We described a rare case of osteoid spinal osteoid osteoma, which induced radiculopathy without nerve root compression. The nidus was completely resected without complication using a microendoscope. This minimally invasive technique preserves spinal structures including the facet and pedicle.
